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© Method of producing a via in a semiconductor device. 
@ A method of producing a via in the fabrication of a semi- 
conductorwafer is disclosed. Vias are used in semiconductor 
wafer fabrication as a means of providing electrical connex- 
ions between different layers of the wafer. 

The walls of known vias are difficult to coat reliably with 
metal because, particularly in the case of fabrication proces- 
ses aimed at small line widths, the vias must be kept within 
certain size limits and necessarily have vertical walls. 

The method described involves the formation in a layer of 
dielectric material (8) of two communicating passageways. 
One passageway (11) has sloping walls (12) to facilitate metal 
coating. The other passageway (13) has substantially vertical 
walls (14), thus keeping the via within required dimensions at 
the region of the wafer to which a connexion is to be made. 
The two passageways (11, 13) are produced in separate pro- 
cess steps, a non-erodable layer (9) being used to define the 
via. 
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1TITLE MODIFIED 0127946 
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SEMICONDUCTOR WAFER FABRICATION 

This Invention relates to a method of producing a via, 
In the fabrication of a semiconductor wafer. 

"Vias" are known In semiconductor wafer fabrication as a 

5 means for providing electrical connexions between different 
layers of the wafer. For example, a connexion can be provided 
by a via between an "interconnect" (a metal path for connecting 
devices formed in the wafer) at a lower level in the wafer and 
an interconnect at a higher level in the wafer. Such a via Is 

10 an opening provided in a dielectric material separating the two 
levels. This opening Is subjected to a metallisation step (for 
example, the vacuum evaporation of aluminium) In the 
fabrication process so that - along with the formation of the 
interconnect at the higher level - the sides of the opening are 

15 coated with metal, thus providing a conductive path between the 
two interconnects. As such, vias are somewhat akin to the 
so-called "pi a ted- through holes" used for printed circuit 
boards. By permitting the interconnexion of devices and the 
like at different levels in a wafer, vias provide a means of 

20 packing more devices per unit area of wafer. 

The dielectric material used to separate the two layers 
1s commonly a film of polyimide. This film is made by coating 
the surface of the wafer with a solution of polyamic acid and 
spreading this solution over the surface by spinning the wafer, 

25 at, say, 10,000 r.p.m. This so-called "spin coating" stage is 
followed by drying and curing stages to yield the polyimide 
film. 

The spin coating stage described above tends to produce 
levelling of the surface of the polyimide film formed, rather 
30 than permitting this film to follow strictly the contours of 
the underlying layers of the wafer. Thus, referring to 

Figure 1/ of the accompanying drawings - which shows a 
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cross-section of a portion of semiconductor wafer after the 
spin coating stage in the fabrication process - the thickness 
of polyimide film 1 which needs to be removed to create an 
opening for a via depends on the underlying circuit features. 

5 Typically, the thickest region of polyimide film 1 is a 
region 2 delineated by broken lines in Figure 1 and overlying a 
point at which a layer of metal interconnect 3 has been 
deposited to provide a connexion with the wafer substrate 4; 
this region 2 may have a thickness of 1 .5pm. The thinnest 

10 region of polyimide film 1 (which may have a thickness of, for 
example, 1pm) is typically a region 5 overlying a point at 
which the layer of metal interconnect 3 provides a connexion 
with a polysilicon gate 6. 

After removal by etching of the polyimide film 1 to form 

15 openings for vias in the regions 2 and 5, surface 7 of the 
polyimide film 1 is subjected to a metallisation step which is 
intended also to cause the walls of these openings to be coated 
with metal to provide conductive paths to the metal 
interconnect 3. Unfortunately, the variation in the thickness 

20 of dielectric which must be removed to create a via creates 
difficulties. This is because the degree of etching required 
to form an opening for a via at the thickest point (region 2) 
in the polyimide film 1 will cause the formation - at the 
thinnest point (region 5) - of an opening for a via which 

25 exceeds the desired maximum size for the horizontal (with 
respect to the wafer) dimension of the Yia. 

This pre*! em is particularly apparent with fabrication 
processes aimed at relatively small line widths. For example, 
in the case of a 3 micron CMOS fabrication process, the maximira 

30 allowable size for vias is typically 3.5|ira, and this is 
exceeded at the thinnest points (say Ijjm) in the polyimide 
film 1 by the spreading of the horizontal dimension of the via 
opening due to the formation of sloping via walls by so-called 



3 



01 27946 



"over-etching" of the polyimide film 1 as a result of a 
standard wet etching step with a simple resist mask. Such wet 
etching 1s known as isotropic etching because the chemical 
etchant acts equally in all directions, thus undercutting the 
layer of resist to produce the above-mentioned deviation from 
the required dimensions. 

The ratio of vertical to lateral etching rate may vary 
between 1 (the isotropic etching described above) and Infinity 
(known as purely anisotropic etching). 

It 1s possible to keep within the desired size limits 
for vlas at different points in the polyimide film 1 by 
employing an anisotropic etching step with a non-erodable 
mask. This etching gives via openings having vertical (with 
respect to the wafer) walls, thus keeping within the desired 
dimensions. Unfortunately, these vertical walls are difficult 
to coat with metal to the required degree of reliability during 
the subsequent metallisation step. 

European Patent Application Ho. 82103175.4 (Publication 
No. 66 069) discloses a method of making vias 1n two stages. 
In a first stage, accurate via openings are plasma etched 1n a 
thin layer of silicon nitride. This is followed by the 
deposition of a thicker layer of polyimide and forming larger, 
corresponding openings 1n this layer. Although this method 
produces vias of a size permitting reasonably high circuit 
density, it involves the use of two different dielectric 
materials and the attendant complication of the necessary 
additional process steps. 

IBM Technical Disclosure, Volume 21, No. 12, May 1979, 
page 4787, entitled "Tapered Vias in a Photosensitive 
Dielectric Film", teaches the formation of vias having sloping 
walls, for layers of circuitry deposited on a ceramic 
substrate. The method disclosed involves a photosensitive 
polyimide material (for providing the dielectric layer) which 
is exposed by means of a multi-density glass contact mask. 
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However, this method does not have sufficient resolution to 
produce vias suitable for 3 micron semiconductor fabrication 
processes* 

It is an object of the present invention to remedy these 
drawbacks by providing a relatively simple and elegant method 
which enables the formation of accurate and reliable vias. 

According to the invention there is provided, in the 
fabrication of a semi conductor wafer, a method of producing a 
via, the method being characterised by: the deposition of a 
layer of substantially non-erodable material over a layer of 
dielectric material; the formation of an aperture in the layer 
of substantially non-erodable material, for defining the via; 
the formation in a first portion of the layer of dielectric 
material defined by the aperture of a first passageway, having 
walls which are substantially perpendicular with respect to the 
wafer; and the formation in a second portion of the layer of 
dielectric material defined by the aperture of a second 
passageway, having walls which are inclined with respect to the 
walls of the first passageway, the first and second passageways 
being in communication such that they can accomodate a 
conductive material for providing an electrical connexion 
between first and second regions of the wafer at the distal 
ends of the first and second passageways respectively. 

The formation of the second passageway could precede the 
formation of the first passageway, or vice versa. 

The substantially non-erodable material preferably 
comprises an inorganic material. 

The layer of dielectric material preferably comprises 
polyimide. 
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The Invention will now be described by way of example 
with reference to the accompanying drawings, In which: 

Figure 2 shows a cross-section of a portion of a 

semiconductor wafer at a process stage 1n a first method 

according to the Invention; 

Figure 3 shows a cross-section of a portion of a 

semiconductor wafer at a process stage in a second 

method according to the Invention; and 

Figure 4 shows a cross-section of the wafer 

portion shown in Figure 3 at a subsequent process stage. 

Referring to Figure 2, an upper surface of a length of 
metal (in this case, aluminium) interconnect 3 Is shown. This 
interconnect 3 is arranged over various circuit features {not 
shown) of the kind described with reference to Figure 1, and, 
as such, provides a conductive path at a first, lower level 1n 
the wafer to which connexions are to be made by vias to a 
subsequently - formed metal Interconnect at a second, higher 
level in the wafer. A semiconductor wafer fabrication process 
Involving such a structure is known as a "two-level metal" 
process. 

A polyimide film 8 is formed over metal interconnect 3 
in the usual way. A thin (500A) layer 9 of inorganic material 
(in this case, titanium) 1s then deposited on the polyimide 
film 8. A via pattern Is printed on this layer 9 by 
conventional photolithography and the layer 9 removed in the 
desired via location by wet or (preferably) dry etching to 
produce an opening 10. The layer 9 has a relatively high 
selectivity with respect to the film 8, and thus provides a 
substantially non-erodable material for defining the via in 
subsequent etching steps. 

There follows a substantially anistropic etching step - 
by plasma etching - which not only removes a controlled depth 
of that part of the polyimide film 8 inraediately below the 
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opening 10, but also removes gradually diminishing parts of the 
polyimide film 8 in the underlying region surrounding the 
opening 10 such that an opening 11 is established therein which 
has sloping walls 12. 

The next step in the process is a further etching step, 
but one which involves substantially anisotropic - rather than 
isotropic - etching. The via dimensions defined by the 
opening 10 in the inorganic l^yer 9 are thus reproduced to 
provide a further opening 13, having substantially 
perpendicular walls 14 and providing a via window, which opens 
onto the metal interconnect 3. This opening 13 has a height of 
approximately O.Sjim, thus providing the required dimensional 
control for the via and still permitting a portion (opening 11) 
of the via - with a depth of at least a further O.Bjim - to have 
sloping walls 12 for facilitating metal coating. 

A second method of producing a via again involves the 
deposition of a polyimide film 8 over the metal interconnect 3 
- as just described with reference to Figure Z. This is also 
followed by the deposition of a layer 9 of inorganic material 
(but in this case an aluminium layer having a thickness of 
1Q00A). Referring to Figure 3, the via pattern is printed by 
conventional photolithography and the layer 9 removed in the 
desired via location to provide the opening 10. However, the 
next step 1s one of substantially anisotropic etching which - 
with the opening 10 provided in the metal mask provided by 
layer 9 - results in an opening 15 in the polyimide film 8, 
having substantially perpendicular walls. 

The next process step is one of wet etching (isotropic 
etching) which has the effect of undercutting a layer 16 of 
standard resist material, previously deposited over the layer 9 
for defining the via, by a horizontal distance of approximately 
Ipro - as shown in Figure 4. The substantially anisotropic 
etching process is then continued such that the profile of the 
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resist layer 16 1s reproduced to provide a via opening (not 
shown) having an upper portion with sloping walls and a lower 
portion with substantially perpendicular walls. 

In the two methods described, an opening for a via Is 
produced which comprises a lower passageway (opening 13) In 
conraunl cation with the Interconnect 3 and having substantially 
perpendicular walls 14 which are within the desired size limit 
for vias, and an upper passageway (opening 11) for 
comnunl eating with a second layer of metal Interconnect (not 
shown) and which has sloping walls 12 which can readily and 
reliably be coated with metal 1n a subsequent metallisation 
step. The via opening (opening 13) providing conrnuni cation 
with the metal Interconnect 3 is known as the via "window". 

The via windows thus produced are sufficiently small (ie 
less than 3.5^ ) to enable the methods to be used in, for 
example, 3 micron CMOS fabrication processes. 

The methods further resolve the well-known dilenma 
between providing an acceptable (and thus reliable) coverage of 
the via walls of the second metal layer and minimising the etch 
bias introduced by etching of a thick polyimlde layer. 
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CLAIMS 



1. In the fabrication of a semiconductor wafer, a method of 
producing a via, the method being characterized by: the 
deposition of a layer (9) of substantially non-erodable 
material over a layer (8) of dielectric material; the formation 
of an aperture (10) in the layer (9) of substantially 
non-erodable material, for defining the via; the formation in a 
first portion of the layer (8) of dielectric material defined 
by the aperture (10) of a first passageway (13), having walls 
(14) which are substantially perpendicular with respect to the 
wafer; and the formation in a second portion of the layer (8) 
of dielectric material defined by the aperture of a second 
passageway (11), having walls (12) which are inclined with 
respect to the walls (14) of the first passageway (13), the 
first and second passageways being in conmuni cation such that 
they can accommodate a conductive material for providing an 
electrical connexion between first and second regions of the 
wafer at the distal ends of the first and second passageways 
respectively. 

2. A method according to claim 1, wherein the formation of 
the second passageway (11) precedes the formation of the first 
passageway (13). 

3. A method according to claim 1, wherein the formation of 
the first passageway (13) precedes the formation of the second 
passageway (11). 

4. A method according to any preceding claim, wherein the 
first passageway (13) is formed by substantially anisotropic 
etching and the second passageway (11) is formed by 
substantially isotropic etching. 

5. A method according to any preceding claim, wherein the 
said substantially non-erodable material comprises an inorganic 
material. 
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6. A method according to any preceding claim, wherein the 
said dielectric material comprises polylmlde. 

7. A semiconductor wafer provided with a via produced by a 
method according to any preceding claim. 

8. An Integrated circuit made from a semiconductor wafer 
according to claim 7. 
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Fig. 2 
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Fig .4 
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